This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS • 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 




(11) Publication number 



0 476 983 A1 



EUROPEAN PATENT APPLICATION 



Application number: 91308489.3 



.(22) Date of filing : 18.09.91 



© int. CI. 5 : C07K 15/06, C07K 3/28, 
C12N 15/19, C12P 21/00, 
A61K 37/42 



(53) Priority: 21.09.90 US 586638 
21.09.90 US 586640 



(43) Date-of publication of application 
25.03.92 Bulletin 92/13 



(JJ) Designated Contracting States 
CH DE FR GB IT LI NL 



(fj) Applicant : MERCK & CO. INC. 

126, East Lincoln Avenue P.O. Box 2000 
Rahway New Jersey 07065-0900 (US) , 



(72) inventor : Bayne, v Marvin L. 
131 Tudor Oval 
Westfield, NJ 07090 (US) 
inventor : Conn, Gregory L. 
1751 Essex Street 
Rahway, NJ 07065 (US) 
Inventor : Thomas, Kenneth A., Jr. 
245 Washington Avenue 
Chatham Burough, NJ 07928 (US) 



(74) Representative : Thompson, John Dr. et al 
Merck & Co., Inc. European Patent 
Department Tellings Park Eastwick Road 
Harlow, Essex CM20 2QR (GB) 



(54) Vascular endothelial cell growth factor II. 



Vascular endothelial cell growth factor II is punfled from the culture media used I to maintain 
° mammalian glioma cells The protein is a heterodimer, stimulates m.togenes.s of mammalian vascular 
MdoKl ill ce?s and is usefuf for the promotion of vascular development and repa.r. This unique 
growth factor is also useful in the promotion of tissue repair. 
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BRIEF DESCRIPTION OF THE DRAWING " 

Figure 1. VEGF II activity present in fractions eluting from a polyaspartic acid WCX HPLC cation exchange 
column, bar denotes pooled active fractions. 

Figure 2. VEGF II activity present in fractions eluting from a metal chelate column. 
Figure 3. VEGF II activity present in fractions eluting from a RP-HPLC C 4 column. 

Figure 4. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 

I A subunit plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 5. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 

II A subunit plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 6. Full length amino acid residue protein translation product and its cDNA coding sequence for the 
135 amino acid form of VEGF II B subunit plus polypeptide cleavage products used to determine the amino 
acid sequence. 

Figure 7. Full length amino acid residue protein translation product and its cDNA coding sequence for the 
115 amino acid form of VEGF II B subunit. 

BACKGROUND OF THE INVENTION 

A new class of cell-derived dimeric mitogens with apparently restricted specificity for vascular endothelial 
ceils has recently been identified and generally designated vascular endothelial growth factor (VEGF). The 
mitogen has been purified from; conditioned growth media of rat glioma cells, [Conn et a!., Proc. Nati. Acad. 
Sci. USA 87: 2628-2632 (1990)]; conditioned growth media of bovine pituitary folliculo stellate ceils [Ferrara 
and Henzel. Biochem. Biophys. Res. Comm. 161: 851-858(1989) and Gospodarowicz et al., Proc. Natl. Acad. 
Sci. USA 86: 731 1-7315 (1989)]. Vascular endothelial growth factor I (VEGF I) is a homodimer with an apparent 
molecular mass of 46 kDa. with each subunit having an apparent molecular mass of 23 kDa. VEGF I has distinct 
structural similarities to platelet-derived growth factor (PDGF). a mitogen for connective tissue cells but not vas- 
cular endothelial cells from large vessels; 



OBJECTS OF THE INVENTION 

It is, accordingly, an object of the present invention to provide a novel vascular endothelial growth factor 
II (VEGF II) free of other proteins. Another object is to provide a procedure for the purification of the substantially 
pure VEGF II. A further object is to provide VEGF II to stimulate endothelial cells for induction of blood vessel 
growth, vascular repair and the production of artificial blood vessels. Another object is to provide VEGF II to 
stimulate tissue repair. 

SUMMARY OF THE INVENTION 

Vascular endothelial cell growth factor II is purified from the culture media used to maintain mammalian 
glioma cells. The protein is a heterodimsr and stimulates mitogenesis of mammalian vascular endothelial cells 
and is useful for the promotion of vascular development and repair. This unique growth factor is also useful in 
the promotion of tissue repair. 

DETAILED DESCRIPTION 

The present invention relates to a unique vascular endothelial cell growth factor (designated VEGF II). iso- 
lated and purified from glioma cell conditioned medium, which exhibits mitogenic stimulation of vascular 
endothelial cells. Glioma is defined herein as any neoplasm derived from one of the various types of cells that 
form the interstitial tissue of the central nervous system including Drain, spmai coro. posterior pituitary yianu 
and retina. Consequently, the scope of the present invention is intended to include the unique growth factor 
isolated and purified from any mammalian glioma tissue or other cells including cell lines. Cell lines include, 
but are not limited to, glioma-derived cell lines such as C6. hs 683 and GS-9L; glioblastomas such as A-172 
and T98G; neuroblastomas such as IMR-32 and SK-N-MC; neurogliomas su^h as H4; tetromas such as XB-2; 
astrocytomas such as U-87 MG and U-373 MG; embryonal carcinomas and non-Lransformed glial or astrocyte 
cell lines, and the human medullobiastoma tine TE 671, with GS-9L and TE 671 being preferred: VEGF II .s 
present and can be isolated from rat tissue including ovary, heart and kidney. Anterior pituitary tumor celt lines 
such as GH3 and Hs 1 99 may also be used. AJthough the VEGF of this invention is described as being isolated 
from rat cells, the same or substantially similar growth factor may be isolated from clher mammal.an cells. 
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including .human, cells. . _ . .. . . . . . ......... .... 

' Vascular ercctheiial growth factor !! may exist in various microheterccenecus forms which are isolated 
ircm one cr more of the varicus cells or tissues describee above. Micro* e:ercg en ecus forms as used herein 
raf**. - to a single gene orcduct. that is a pectide produced f rcm a single gene unit of DNA, which is structurally 
mod : fi-id G ■ the mRNA ievai cr following translation. Peptide and protein are used interchangeably herein. The 
microheterogeneous forms will all have equivalent rnitogenic activities. Eiclcgicai activity and biologically active 
-r? u3<=d interch angeabiy and are herein defined as the ability of VEGF ; i to stimulate ONA synthesis in target 
ceils incii'dinc vascular endothelial cells as described below which results ; n cell proliferation. The modrficatiens 
rr.z'y take piace either in_ vivo or during the isolation and purification process. Iri vivo modification results from, 
but is not limited to, proteolysis, glyccsylation, phosphorylation, deamidaticn or acstyiation at the N-tenninus. 
Proteolysis may include exoproteolysis wherein one or mere terminal amino acids are sequentially, enzymati- 
ca'ly cleaved to produce microheterogeneous forms which have fewer amino acids than the original gene pro- 
duct, '^roteo'ysis may also include endocrcteolytic modification that results from the action cf endecrcteases 
which c.'eave the peotide at specific locations within the amino acid sequence. Simitar modifications can occur 
during the purification process which also results in production of micrch eterogeneous forms. The most com- 
mon modification occurring during purification is proteolysis which is generally held to a minimum by the use 
of protease inhibitors. Under most conditions one or more microheterogeneous forms are present following puri- 
fication of native VEGF II. Native VEGF II refers to VEGF II isolated and purified from cells that produce VEGF 
II. Vascular endothelial growth factor ii may also exist in various alternatively spliced forms which is defined 
herein r as the production of related mRNA.s by differential processing of exens. Excns are defined as those parts 
of the DNA sequence of a eukaryotic gene that code fcr_the final protein product. 

Glioma cells such as the rat cell line G3-9L are grown to confluence in tissue culture flasks, about 175 cm 2 , 
in a cell culture medium such as Dulbecco's Modified Eagle's Medium (CM EM) supplemented with about 10% 
newborn calf serum (NCS). When the cells reach confluence the culture medium is removed, the cell layers 
rire washed with Ca~ Mg**-free phosphate buffered saline (P9S) and are removed from the flasks by treatment 
v.-ith a solution of trypsin, about 0.1 %. and EDTA. about 0.04%. The ceils, about- 1 x 10 3 . are pelleted by cen-' 
tr;f::gation. resuspended in about 150C ml of DM EM containing about 5% NCS and plated into a ten level cell 
factory (NUNC). 5.000 cm 2 surface area. The cells are incubated for about ^3 to about 96 hours, with 72 hours 
preferred, at about 37° C in an atmosphere of about 5% C0 2 - Following incubation the medium is removed' 
ann the cell factories are washed about 3 times with PSS. About 1 500 m: of fresh culture media is added con- 
taining about a 1:2 mixture of Ham's- F1 2/DMErM containing about 15 m.V. Hepes. about 5 ug/ml insulin, about 
10 ug/ml transferrin and with cr without about 1.0 mg/ml bovine serum albumin.. This media is replaced with 
fresh media after about 2* hrand collected every 43 hr thereafter. The cciiected conditioned media is filtered 
through Whatmen #1 pap^r to remove ceil debris and stored at about -20" C. 

The GS-9L conditioned medium is thawed and brought to pH 6.0 with 1 M HCi. The initial purification step 
consists of cation exchange chromatography using a variety of cation exchangers on a variety of matrices such 
as CM Sephadex C-50. Pharmacia Mono S. Zetachrcm SP and Polyascartic Acid WCX (Nest Grouo) with CM 
Sephadex C-50 (Pharmacia) being preferred. The VEGF-containing culture media is mixed with CM Sephadex ■ 
C-50 at about 2 gm per about 20 L of the conditioned media and stirred at low speed for about 24 hr at 4° C. 
The resin is allowed to settle and the excess liquid is removed. The resin slurry is packed into a column and 
the remaining culture media is removed. Unbound protein is washed from the column with 0.05 M scdium phos- 
'f.hste. about pH 6.0. containing 0.15 M NaCI. The VEGF II is eluted with a rout 0.05 M sodium phosphate, about 
pH 6.0. containing about 0.6 M NaCI. 

The active fractions collected from the CM Sephadex C-50 column are further fractionated by lectin affinity 
j.hro.m2tography for additional purification of VEGF II. The lectins which may bind VEGF II include; but are not 
••-lited to. lectins which specifically bind mannose residues such as concanavalin A and lens culinaris aggluti- . 

'.\ lectins v/h ; ch bind N-acerylglucosamine such as wheat germ agglutinin, lectins that bind galactose or galac- 
tosamine and lectins wnich bind sialic acids, with concanavalin A (Con A) being preferred. A 0.9 cm diameter 
■z ;ViT,in containing ibcui 5 mi packed vuiumtr ui Cun A agarose (Victor _-z cere tor; cc) 'C '.veched end cqu:i: 
bmicd with about 0.05 M sodium acetate about pH 6.0. containing about * mM CaCI ; , about 1 mM MnCi 2 and 
:.- Mi't O.f) M MnCi. T hc unbound nrotom if, wnshod from (he column wi;h oauilibrnlion buffer. The VEGF II is 
ulutec with about 0.1 M NaCI buffer containing about 0.32 M a-melhyl m-nnoside and about 0.28 M a-methyl 
r.iuccsic J. 

Ths VEGF II active s'luate frcm the Ccn-A column is applied to a Pclyaspartic Acid WCX cation exchange 
high j-rrformanqe liquid chromatography (HPLC) column. 4.6 mm x 25G mm. pre-eauilibrated in about 0.05 M 
sodium phosphate buffer, oh 6.0. The column is eluted with a linear grac : ent of about 0 to 0.75 M NaCI in the 
phoscriate buffer over about 60 minulcs. The How rate is maintained at arj-out 0.75 ml/min collecting 0.75 ml 
•Vocticns. Vascular cnrjc'.hclirjl growth factor activity is cresent in fractions e'uling- between approximately 21.7 
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and 28.5 ml see Fig. 1. 

The active fractions eluted from the polyaspartic WCX column that contain VEGF II are pooled, adjusted 
to r^out pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 68 charged with an 
excess of copper chloride and equilibrated in about 0.05 M sodium phosphate, about pH 7.0. containing about 

2 M NaCI and about 0.5 mM imidazole (A buffer). VEGF li is eluted from the column with a gradient from 0-20% 
B over 10 minutes. 20-35% 8 over 45 minutes and 35-100% 8 over 5 minutes at a flow rate of ml/min, where 

3 ir-uffer Is 0.05 M sodium phosphate. pH 7.0. containing about 2 M NaCI and 100 mM imidazole. The active 
fractions containing VEGF II activity eluted between about 12.6 and 22.8 ml of the gradient effluent volume, 
see Fig. 2. 

The pooled fractions containing VEGF II activity eluted from the metal chelate column are loaded onto a 
4.6 mm x 5 cm Vydac C 4 reverse phase HPLC column (5 \im particle size) previously equilibrated in solvent A 
[0.1% tnfluoroacetic acid (TFA)]. The column is eluted with a linear gradient of about 0 to 30% solvent B over 
15 minutes. 30% B for an additional 15 minutes, then 30-45% B over 22.5 minutes and finally 45-100% B over 
5.5 minutes. Solvent B consists of solvent A containing 67% acetonitrile (v/v). The flow rate is maintained at 
about 0.75 m!/min and fractions are collected every minute. The homogeneous VEGF II elutes from the C* col- 
umn under these conditions at between about 32 and about 38 ml of the gradient effluent volume, see Fig. 3. 

Purity of the protein is determined by sodium dodecylsulfate (SOS) polyacryl amide get electrophoresis 
(PAGE) in 12.5% crosslinked gels using the technique of Laemmli. Nature 227: 680-684 (1970). The silver 
U- -:ned gels show VEGF (I to consist of one band under non-reducing conditions with an approximate apparent 
molecular mass of about 58.000 daltons. When a sample containing the microheterogeneous forms of VEGF 
II is separated under reducing conditions it migrates as two about 23 kilodalton (kOa) subunits. The purification 
process results in VEGF II that is essentially free of other mammalian cell products, such as proteins. Recom- 
binantly derived VEGF II will also be free of mammalian cell products. 

Biological activity is determined by mitogenic assay using mammalian vascular endothelial cells. Human 
umbilical vein endothelial (HUVE) cells are plated on gelatin-coated dishes at a density of about 5000 cells per 
well in about 500 uJ of Medium 199 (M199) containing about 20% heat-inactivated fetal calf serum (FCS). Sam- 
pies to be assayed are added at the time of plating. The tissue culture plates are incubated at about 37° C for 
about. 12 hours and about 2 microcuries of tritiated thymidine (NEN. 20 Ci/mmol) is added per ml of assay 
medium (1 .0 ^Ci/well). The plates are incubated for a further 60 nr. the assay medium is removed and the plates 
are washed with Hanks balanced salt solution containing about 20 mM Hepes, about pH 7,5. and about 0.5 
mg/ml bovine serum albumin. The cells are lysed and the labelled DNA sotubilized with about 200 of a solution 
containing about 2 gm of sodium .carbonate and about 400 mg sodium hydroxide in about 100 ml water. The 
incorporated radioactivity was determined by liquid scintillation counting.The concentration of VEGF which eli- 
cited a half-maximal mitogenic response in HUVE cells was approximately 2 ± 1 ng/ml. The glycosaminogiycan 
heparin, which is required in these assays at a level of 10-100 jig/ml to promote a response to a positive control, 
acidic fibroblast growth factor, does not enhance mitogenic stimulation of these cells by VEGF II. 

.A purified about 1-2 ug sample of VEGF II is reduced in about 0.1 M Tris. about pH 9.5. with about 0.1% 
EDTA. about 6 M guanidinium chloride and about 20 mM dithiothreitol for about 2 hr at about 50° C. The reduced 
protein is carboxymethylated for about 1 hourin a solution containing about 9.2 uM of unlabelled and 2.8 u.M 
of i-C-iodoacetic acid in about 0.7 M Tris. about pH 7.8. and about 0. 1% EDTA and about 6 M guanidinium 
chloride. The protein is carboxymethylated for about 1 hr at room temperature. The protein is isolated after 
reduction and carboxymethylation by reverse phase HPLC chromatography on a Vydac column . about 4.6 
mm x 5 cm. The protein is loaded onto a column pre-equiiibrated with about 0.1% TFA and eluted by a 45 ml 
linear gradient from about 0.1% TFA to 0.1% TFA/67% acetonitrile at a flow rate of about 0.75 ml/mm. The 
reduced and carboxymethylated protein eluted as two peaks at approximately 25 and 28 ml with the proportion 
neiruj approximately equal as determined by monitoring absorbance at 21 C nm. 

Samples of the reduced and carboxymethylated monomers are applied to poiybrene^oated glass fiber fil- 
ers and their N-termir.ai sequences are determined by Edman degradation in an ABI gas phase microsequ- 

^ r i z.^r in uur.jum-uui i wmi em noi i £.^.-v v>i ■ tine yi . = . i/.w. ■ j • ^ 

i.-stnjctions. The protein showing the peak of absorbance eluting at approximately 28 ml (A subunit or monomer) 
jir'ded an amino tennin.nl sequence of: 

Aln Pro Thr Thr Glu Gly Glu Gin Lyn Aln Hm Glu Vol Vnl 
wh.rii is mimical to ihri monomers of VIZOP I. Conn £i al„ Proc- Natl Acad. S«i. USA £7: 2G20-2032 (1000). 
I |. n ( ,o«K nf al.*nrhaiu:« nluimg at annroxtmaMv ml 0 1 *uIjumii or monomer) yielded an NM«rmmal wwmuia 

Ml 

Aln Lfu; Sor Aln CJIy Ann Xxx 3er Thr Glu Mot Glu Vnl Vnl Pro Phe Ann Olu Vnl 
a nearly equal amount of a truncated form of th« sam* sa<)u*r\c* misalna.lh* first mra« amino acid ros- 
'i.„.h Th« .nhs.no X*x r»nul-iA onrraspnnrta io an Asn rasirhir. in th* r.lnnml oONA, sen halnw. flinr.a Ihifl mis- 
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sifjg A. Sl - occurs ; n a classical Asn Xxx Ser/Thr N-glycosylaticn secuer.ce !: s -resumed to be glycosylated, 
-he A suoun.t and (he tccal cf both 3 subunits are recovered in nearly ecuai amounts succcrting the interpre- 
tation that the two peptides combine to form an AB hetercdimer in VEGF II. 

A san; : e of the A monomer was treated with either the protease :rycsir wnich cleaves pclycec tides or, 
the C-terminai side of lysine and arginine residues cr Lys C which cleaves cc./cectides on the C -terminal' s:de 
of lysine by procedures well known in the art. The peptides are isolated by reversed rhaseKPLC(RP-HPLC). 
The amine acid sequences cf the isolated peptides are determined using :he Edman degradation in the A3! 
ijiis phaje secuenatcr in conjunction with the A3I 1 20 A on line phenyithiohydantoin anaiyzsr following man- 
ufacturers instructions. The amino acid sequences are shewn in Figure 

Reduced and carboxymethylated A monomer is dried and sclubiiized in accut 0.7 M Tris. about pH 7.3. 
about S :M guanidinium chlchde containing about 0.1 % ED7A. V3 protease is aczed in 0.^ M ammonium bicar- 
bonate cuffer. about pH 3.0, and the mixture is incubated for about ^2 hr at accut 37'C. The protease cleaves 
predominantly on the carboxyl terminal side of glutamic acid residues. The resulting polypeptides were resolved 
by C :3 RP-HPLC as above. 

The reduced and carboxymethylated A subunit protein solution is adjusted to a pH of about 6.3 with 6 N 
KC! and dithiotreitol is added to a final concentration of 2 M for reduction of any methionine sulfoxide to 
m-thioni^e residues. After about 20 hr of reduction at about 39*C the protein is rsouriried by C 4 HPLC. i he 
product is dried and cleaved on the carboxyl terminal side of methionine residues by 200 al of dO mM cyanogen 
bromide in about 7Q % (v/v) formic acid under an argon atmosphere at about 2C°C for about 24 hr in the dark. 
The cleavage products are resolved by C 18 RP-HPLC. The amino acid sequence is shown in Figure 4. see Conn 
et a!.. °'cc. Nad.' Acad. Sci USA 37: 262S-2632 (1990). 

The full length 190 ammo acid residue protein translation product of the V'EGF II A monomer which is now 
Vr -jvn to be identical with the VEGF I A monomer, and its cONA coding sequence are shown in ;-ig. 4 and Fig. 
r- : « mature amino terminus begins at residue 27. immediately following a typical hydrophobic secretory 
.-.sequence. A single potential N-glycosylaticn site exists at Asn. co . Most (:*3 amino acid residues) cHhe 
1 '4 residues of the reduced and carboxymethylated mature subunit including the amino terminus and HPLC 
• ersed phase-purified products of try p tic (TV Lys-C (L). Staohvlococcus aureus V3 protease (V8) and cyano- 
gen bromide (CS) cleavages, were determined by direct microsequencing (Acclied Bicsystcms 470A) using a 
total of 5 M g of protein. All residues identified by ammo acid sequencing are denoted by arrowsjjointing tojhe 
;,u^ „ ^ r-^^u. . ath the mcturc proccGCCC saqusnca following the bracket at residue c > 'Or me 5iiii"u 
teTminal'^rermination of the whole subunit or. for residues identified from the polypeptide cleavage products, 
abov- the double-headed arrows spanning the lenght of the particular polypeptide. One listed pair of polypep- 
tides. V1 3A and V1 35. was sequenced as a mixture and. therefore, are only confirmatory of the cDNA-decuced 
amino acid sequence, see Figure d. 

Samples of the reduced and oarboxymethylated oure VEGF II A and 3 monomers were each digested w,th 
tne ! vs-C endoprcteinase. which cleaves polypeptides on the C-terminal side of lysine residues, i he peptides 
*-ere'i<50'aled by reverse -phase HPLC and their amino acid sequences were determined as desenbed above. 
The locations of the peptides in the final VEGF 11 A and 3 sequences are shown in Fig. 5 and Fig. 6. respectively. 

The full length coding region of the A monomer is determined from three sets of overlapping cONA clones. 
D-g-nerate oligonucleotide primers based on the amino ac.d sequences Phe-Met-Asp-Val-Tyr-GIn from 
ooiyoeptioe L42 (residues 42-17) and Cys-Lys-Asn-Thr-Asp from polypeptide i 33 (residues 1S4-1S3) (see 
Fics 4 a- t 5) were used to PCR amplify the central i igion of the cONA for VEGF A chain following the pro- 
c-'ure v.r Saiki et al.. Science 230:1350-1354 (1985). A single band migrating at <i20 bp was gel purified, diges- 
ted with Sal! ligated into pGEM3Zf(+) and sequenced. The nucleotide sequence obtained (p<i238) was used 
: 6i von --ntisense and sense PCR primers to amplify the 5' and 3' ends of the cONA according to the protocol 
- bribed by Frohman et al. Proc. Natl. Acad. Sci. USA 35:3998-9002 (1933). these 5' and 3' clones are 
.■■-.-.oied 05-15 and P W3. resoectively. Regions of complete DNA sequences, excluding the primers, determined 
' ..- --ach set of clones are indicated by double-headed arrows above the nucleotide sequence. In addition to 

" . . . , , ■ ., : — >...— ~i>. »:._.~ cOMAC 

• , ■ ji'ijA coding In a ios amino duiu setieicj iuiui iuo mucu \jy h 1 — ■='•■ j--.--" — "a- — » 

".-coding a 120 amino acid and a 183 amino acid form are cloned and sequenced. 

The full length coding region of '.he 3 monomer is determined from four sets of overlapping cDNA clones. 
Degenerate oligonucleotide primers based on the amino acid sequences from polypeptide L50 are useo to .-uk 
amoiifv the central region cf the cONA for VEGF II 3 monomer following the procedure ofSa.k. et al.. Science 

, . , • _ hhq k r* ..,-<- -^i ~. *>:^a<r-ari ../('h Sa!! licated into 

2"«">-i3'j0-i35<i (1935). A single band migrates at ICS bp .v«,s >,.. -.-.-s.-.. .«.n ^ 

and sequenced The nucleotide sequence obtained (?YG) was used to design ant.sense and 
ZP primers to amplify the 5" and 3' ends of the cONA according to the rrotccol described by Fronman 
' ~ - .Nad Acad. 3d. USA 35:3993-3002 (1933:.. 7>,-.se 5/ *r.C 3' c:c.-.es are denoted pSV2 and c-V 4 . 

Addition.,! 5" end .e-uer.ces are determined form dene 202 iso =:ec -rem a cONA libra.-, prepar.ee 
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fror. GS-9L r c : y A" RNA. Regions of complete ONA sequences, excluding th a primers. determined for each 
sec or -tones are indicated by double-headed arrcws aoove :he nu elect ice secu er.ca. The entire base secuence 
for ;na :35 amine acid micrchetercgenecus 3 subunit and -he 1 1 5 amine ac:C microheterogeneous 3 subunit 
are shown in Fig. 5 and Fig. 7. 

It is intended that vascular endothelial ceil growth factor II exist as a'heterccimer consisting of an A subunit 
and a 3 si/tr-urvt. It is further intended that VEGF hemcdimers exist- as either A subunits or two 3 subunits. 
The Pj z^QLir.i: may be either the 135 amino acid form or the 1 15 amino acid ""crm. The A subunit of the may ce 
r :, !~^r ti"? 13$ amino acid form, the 16^- amino acid form or the 120 amine acid form. The hetercdimers or 



Tet'vodimer scecies can be depicted as:A. M 3 ::s , A,^ + 3. !5 . A :s 



ro brs- 3, 25 ^ 3-5. A v3a + A ;5 ^, A, ^ f A, :o and A 1S4 + A :;0 The homcdimers can be depicted as: 3 :iS 

r 5 ::s . A.. « A :M> and A. :a + A :2 o- It is also intended that the invention include all of trie individual subunit 
Mrrris of both the A subunit and the 3 subunit of VEGF li- 
lt is further intended that the nucleotide sequence for vascular endothelial growth factor II be interpreted 
to include ail codecs that code for the appropriate amino acids in the sequence for each of the vascular endothe- 

15 liaf growth factor II subunits, as indicated by the degeneracy cf the genetic ooce. It is further intended that the 
nucleotide secuence and the amino acid sequence for VEGF II subunits include truncated cenescr proteins 
which result in a protein which exhibits biological activity similar to vascular endothelial growth factor II. The 
-scope of the. invention is intended to include all naturally occurring mutations and allelic varients and any ran- 
domly generated artifical mutants which may change the sequences but do nc: alter biological activity as deter- 
ge r.*."-!?rj by tne ability to stimulate the division of vascular endothelial cells. 

The acove described heterodimers. hemodimers. subunits and monomers of vascular endothelial growth 
f -< "or are ch.aracteriz.ed by being the product of chemical synthetic procedures or of procar/ctic or eucan/otic 
• expression of the ONA sequences as described herein. A monomer is defined as a subunit that cannot 
- -r, an eligomeric unit. Expression of the recombinant VEGF II genes {recombinant DNA) is accomplished by 

,?5 - -i imcer of different host cells which contain at least one cf a number of expression vectors. Expression vectors 
i defined herein as ONA sequences that are required for the transcription cf cloned copies of recombinant 
DNA seauences or genes and the translation of their mRNAs in an appropriate nosL Such vectors can be used 
to express genes in a variety of hosts such as bacteria, biue-green algae, yeast cells, insect cells, plant cells 
and animal cells, with mammalian cells being preferred. The genes may also be expressed in a number of viruse 

3C :yc'c~3. Specifically designated vectors allow the shuttling of ONA between bacleha-yeasi, bacieria-piant or 
bacteria-animal cells. An appropriately constructed expression vector should contain: an origin of replication 
for autonomous replication in host cells, selective markers, a limited number cf useful restriction enzyme sites, 
a high copy number, and strong' promoters. A promoter is defined as a DNA secuence that directs RNA polymer- 
ase to bind to ONA and to initiate RNA synthesis. A strong promoter is one whicn causes mRNAs to be initiated 

35 it high frequency. Expression vectors may include, but are not limited to. cloning vectors, modified cicning vec- 
tors, specifically designed plasmids or vinjses and cosmids. The expression of mammalian genes in cultured 
mammalian cells is well known in the art. Sambrook et al.. Molecular Cloning, A Laboratory Manual, 2nd Edition, 
3cok 3. Cold Springs Harbor Laboratory Press (1989) and Current Protocols In Molecular 3ioIogy. Ausubel et. 
ai. Eds. Greene Publishing Associates and Wiley-lnterscience, 19S7 and supplements, disclose various mam- 

•uj malian expression vectors and vector systems along with methods for the introduction of recombinant vectors 
i.-to mammalian cells The cDNA for the monomeric forms cf the A and 3 subunits can be expressed in a system 
=1- ir.h as that described by Linemeyer et a[.. European Patent Application. Publication Nc. 259,953. The cDNA 
is incorporated into a commercially available plasmid such as pKK 223-3 (Pharmacia) as modified as by 
Linemeyer et aJ. and expressed in E. coli ,. Other expression systems and hest calls are well known in the art. 

45 The high Cys content and glycoslyation of the A and 3 subunits along with the structure of the homo-and- 

h'vterodimers suggests that expression of biologically active proteins is cameo out in animal cells. Expression 
may be carried out in Chinese hamster ovary (CHO) cells with the cfoned VEGF II DNA cotransfected with the 
gene encoding dihydrofolate reductase (dhfr) into dhfr CHO cells, see Sambrook et al. Transfonmants expres- 

~ r.C dhfr arS Selected nn mPriiP Isrkinn nijHono:iHoc anH aro ovnncorl ro in^.-apcinn CCf-Cef! tT2t!CnC Cf methCt- 

c-: r xr?te. The dhfr and VEGF II genes are thus coamplified leading to a stable cell line capable of expressing 
• < : qh leveis of VEGF II. The plasmid is designed to include either an A subunit and a 8 subunit or two A or 3 
subunit. The r.vo cONAs are operably attached so that the protein produced wii! ce dimeric and will have VEGF 
:i biclocical activity. Operably attached refers to an appropriate seauentiai arrangement of nucleotide seg- 
rr -.. cDNA segments or genes such that the desired prctein will be producer by cells containing an expres- 
~-^'or containing the operably attached genes. cDNA segments cr nucleotides. 
- .-^pressed proteins (monomers or dimers) are isctsted and purifiec oy standard prctein purification 
I; is to be understood -hat the expression vectors capable of expressing heterodimeric forms of 
yr.v; - i. .v:.i contain a ONA secuence v/h.ch wii! er.ccce an A subun:: enc a ONA secuence which wiil encode 
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a 8 subunit. Expression vectors capable of expressing homodimeric forms of VEGF will contain either one or 
two "D'NA sequences which encode either two A or two o subunits. 

The ability of the various species of VEGF II to stimulate the division of vascular endothelial cells makes 
this protein in all microheterogeneous forms and alternative splicing forms useful as a pharmaceutical agent. 
The protein as used herein is intended to include all microheterogeneous forms as previously described. The 
protein can be used to treat wounds of mammals including humans by the administration of the novel protein 
to patents in need of such treatment. 

Tne novel method forthe stimulation of vascular endothelial cells comprises treating a sample of the desired 
vascular endothelial cells in a nutrient medium with mammalian VEGF II. preferably human or rat, at a concen- 
tration of about 1-10 ng/ml. if the vascular endothelial cell growth is conducted in vitro , the process requires 
the presence of a nutrient medium such as DMEM or a modification thereof and a low concentration of calf or 
bovine serum such as about 0 to 2% by volume. Preservatives such as antibiotics may also be included; these 
ara well known in the art 

The novel growth factors of this invention-are useful for the coverage of artificial blood vessels with vascular 
endothelial cells. Vascular endothelial cells from the patient would be obtained by removal of a small segment 
.-' peripheral ^cod vessel. cr capillaryccntsining tissue and the desired cells would be grown in culture in the 
oi :3cnce of VEGF II and any other supplemental components that might be required for growth. After growth 
of-adequate numbers of endothelial cells in culture to cover a synthetic polymeric blood vessel the cells wouid . 
be plated on the inside surface of the vessel, such as fixed umbilical vein, which is then implanted in the patient. 
Aiternatively. tubular supports are coated in vitro with VEGF II prior to implantation into a patient. Following 
implantation endothelial cells migrate into and grow on the artificial surface. Prior coating of the artificial vessel 
either covalen^y or noncovaientiy, with proteins such as fibrin, collagen, fibronectin or laminin would be per- 
formed to enhance attachment of the cells to the artificial surface. The cell-lined artificial vessel would then be 
surgically implanted into the patient and, being lined with the patients own cells, would be immunologically com- 
patible. The non-thrombogenic endothelial cell linog should decrease the incidence of dot formation on the 
surface of the artificial vessel and thereby decrease the tendency of vessel blockage or embolism elsewhere. 

The novel proteins are also useful for the production of artificial vessels. Vascular endothelial cells and 
smooth muscle cells from the patient would be obtained and grown separately in culture. The endothelial cells 
would be grown in the presence of VEGF II as outlined above. The smooth muscle would be grown in culture 
by procedures we!! known in the art. A tubular mesh matrix cf a biocompatible polymer (either a synthetic 
polymer, with or without a coating of proteins, or a non-immunogenic biopotymeric material such as surgical 
suture thread) would be used to support the culture growth of the smooth muscle cells on the exterior side and 
vascular endothelial cells on the interior surface. Once the endothelial ceils form a confluent monolayer on the 
inside surface and multiple layers of smooth muscle cells cover the outside, the vessel is implanted into the 
patient. 

Tne novel peptides can also be used for the induction of tissue repair or growth. The pure VEGF II would 
be used to induce and promote growth of tissue by inducing vascular growth and /or repair. The peptide can 
be used either topically for tissue repair or intravascular^ for vascular repair. For applications involving neovas- 
cularization and healing of surface wounds the formulation would be applied directly at a rate of about 10 ng 
to about 1 mg/cm2/day. For vascular repair VEGF II is given intraveneously at a rate of about 1 ng to about 
10C ^g/kg/day of body weight. For interna! vascular growth, the formulation would be released directly into the 
region to be neovascularized either from implanted slow release polymeric material or from slew release pumps 
or repeated injections. The release rate in either case is about 100 ng to about 100 ug/day/cmA 

For non-topical application the VEGF is administrated in combination with pharamaceutically acceptable 
carriers or diluents such as. phosphate buffer, saline, phosphate buffered saline. Ringer's solution, and the like, 
i.-, a pharmaceutical composition, according to standard pharmaceutical practice. For topical application, vari- 
ous pharmaceutical formulations are useful for the administration of the active compound of this invention. Such 
formulations include, but are not limited to. the following: ointments such as hydrophilic petrolatum or 
colvethvlene olvcol ointment: oastes which may contain gums such as xanthan oum: solutions such as aicohotic 
or aqueous solutions; gels such as aluminum hydroxide or sodium alginate gels; albumins such as human or 
animal albumins; coitagens such as human or animal collagens; celluloses such as alkyl celluloses, hydroxy 
aikyi celluloses and alkyihydroxyalkyl celluloses, for example methytceflulose. hydroxyethyl cellulose, car- 
boxvmethyf cellulose, hydroxypropyl methylcellulose, and hydroxypropyl cellulose: polyoxamers such as 
" Fiu.-onic© Pol yds exemplified by PluronicO F-127; tetronics such as tetronic 1508: and alginates such as 
- - * : urr. originate. 

The following examples illustrate the present invention without, however, limiting the same thereto. 
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EXA.VPLE 1 

Preparation of .Medium Conditioned 8y GS-9L Cells 

5 GS-9L ceils were grown to confluence in 175 cm 2 tissue culture flasks in Dulbecco's Modified Eagle's 

Medium/10% newborn caff serum (DMEM/CS). At confluence the medium was decanted from the flasks, the 
riasks were washed with calcium and magnesium free phosphate buffered saiine (PBS) and the cells were 
removed by treatment with a 1X solution of trypsin/EDTA. The cells (1 x 1G J ) were pelleted by centrifugal n, 
resuspended in 1500 ml of DM EM/5% NCS and plated into a ten level (6C00 cm 2 surface area) cell factory 

in (NUNC). After 72 hours incubation at 37° C in a 5% C0 2 atmosphere the medium was decanted and the cell 
factories were washed 3 times with PBS. The cells were refed with 150.0 ml of a 1:2 mixture of Ham's F- 
12/DMEM containing 25 mM Hepes, 5 j^g/ml insulin, 10 n.g/ml transferrin and 1.0 mg/ml bovine serum albumin. 
This medium was changed with fresh F-12/DMEM after 24- hours and collected every 48 hours after thaL The 
conditioned medium was filtered through a Whatman #1 paper to remove cell debris and stored frozen at-20°C. 

EXAMPLE 2 

C^rboxymethyl-Sephadex Chromatography 

2?- GS-9L conditioned medium, from Example 1, was thawed and brought to pH 6.0 with 1 M HC/. Two grams 

' ~M Sephadex C-50 cation exchange (Pharmacia) resin pre-equiiibrated in PBS adjusted to pH 6.0 with 1 N 
is added to 20 liters of conditioned medium. The mixture was stirred at low speed for 24 hours at 4° C. 
~'-e resin was then allowed to settle and the medium is siphoned off. The remaining resin slurry was packed 
into a 3.0 cm aiameter column and any remaining medium is allowed to drain off. Unbound protein was washed 
25 off column with 0.05 M sodium phosphate, pH 5.0. containing 0.15 M NaCI. Vascular endothelial growth 
iaztcr activity was eluted -from .the column with a subsequent wash of 0.05 M sodium phosphate, pH 6.0, con- 
taining 0.6 M NaCI. 

EX AMPLE 3 

Concanavalin A (Con A) Lectin Affinity Chromatography 

A C.9 cm diametercolumn containing about 5 ml of packed Con A agarose (Vector Laboratories) was equili- 
brated with 0.05 M sodium acetate, pH 6.0, containing 1 mM Ca" 1 mM Mn~ and 0.5 M NaCI. The active eluate 
35 from the CM Sephadex C-50 column. Example 2, was applied to the Con A agarose and unbound protein was 
washed -rom the column with equilibration buffer. The column was then rinsed with three column volumes of 
0 05 M scdium'acetate, pH 6.0. -containing 1 mM Ca~ ( 1 mM Mn~ and 0.1 M NaCI. Bound protein was subse- 
c -entiy eluted from the column by application of this buffer supplemented with 0.32 M a-methyl mannoside and 
G.28 M a-methy! giucoside. 

EXAMPLE 4 

y aspartic Acid VVCX h'FLC Cation Exchange Chromatography 

4C 7r,a active eluate from the Con A column. Example 3. was applied to a 25 cm x 4.6 mm poly(aspartic acid) 

WCX cation exchange HPLC column (Nest Group) pre-equilibrated in 0.05 M sodium phosphate buffer, pH 6.0. 
— • - column was eluted with a linear gradient of 0 to 0.75-M NaCI in this buffer over 60 minutes at a flow rate 
-v 1.7 5 mi/min collecting 0.75 ml fractions. VEGF II activity present in fractions eluting between approximately 
2 1.7 and 28.5 ml were pooled as shown by solid horizontal bar in Fig. 1 . 

■ IP LF. 5 

ytai . f olate Chromatography 

\ r ztivc frictions eluted from the poly(aspartic acid) WCX column . Example 4. that contain VEGF II were 
lec\ adjusted to pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 68 charged 
,n an excess of copper chloride and equilibrated in 0.05 M sodium phosphate. pH 7.0. containing 2 M NaCI 
and 0.5 mM imidazole (A buffer). VEGF II was eluted from the column with a gradient from 0-20% B over 10 
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rrvnutes 20-35% B over d5 minutes and 35-100% B over 5 minutes at a flow rate of 0.3 ml/mm. wnere B buffer 
was 0.05 W sodium phosphate. pH 7.0. containing 2 U Nad and" 1 00 mM imidazole. The" active fractions con- 
fining VEGF II activity eluting between 12.6 and 22.8 mi of the gradient effluent volume were pooled as shown 
by the solid horizontal bar in Fig. 2. 



EXAMPLE 6 



Reverse Phase Chromatography 



The fractions containing VEGF II activity pooled from the metal chelate column . Example 5 were loaded 
onto a 4.6 mm x 5 cm Vydac C4 reverse phase HPLC column (5 pun partide size) equilibrated in solvent A 
(0.1 % tfifluoroacetic acid (TFA)). The column was eluted with a gradient of 0-30% solvent B over 15 minutes. 
30% 8 for an additional 15 minutes, then 30-45% B over 22.5 minutes and finally 45-1 00% B over 5.5 minutes 
where solvent B ' A containing 67% acetonitrile. The How rate was maintained at 0.75 ml/min. The active VEGF 
[( fractions eluting between approximately 32.2 and 37.5 ml of the gradient effluent volume were pooled as 
•^own by the solid horizontal bar in Fig. 3. : * 



EXAMPLE 7 



Mitogenic Assays 

Human umbilical vein endothelial cells (HUVE) were plated on gelatin-coated 48 well tissue culture dishes 
at a density of 5000 ceils/well in 500 ul of Medium 199 containing 20% heat inactivated fetal calf serum (FCS). 
Samples to be assayed were added at the time of plating. The tissue culture plates are incubated at 37- C for 
12 hours and 2 micrccuries of tritiated thymidine (NEN. 20 Ci/mmol) was added per mi of assay medrum (1.0 
pCi/weil). The plates were incubated for a further 60 nr. the assay medium was removed and the plates were 
washed with Hanks balanced salt solution containing 20 mM Hepes. pH 7.5. and 0.5 mg/ml bovine serum albu- 
min. The cells were lysed and the labelled DNA solubiiized with 200 u.l of a solution containing 2 gm of sod.um 
carbonate and 400 mg sodium hydroxide in 100 ml water. The incorporated radioactivity was determined by 

liquid scintillation counting. 

The concentration of VEGF I! which elicited a half-maximal mitogenic response in HUVE cells was 
approximately 2 ± 1 ng/ml. The glycosaminogiycan heparin, which is required in these assays at a level of 10- 
100 ng/ml to promote a response to a positive control, acidic fibroblast growth factor, does not enhance 
mitogenic stimulation of these cells by VEGF II. 

EXAMPLE 3 

Purity And Protein Structure Characterization of VEGF II 

Purity of the orotein under non-reducing conditions was determined by SOS-PAGE in 12.5% crosslinked 
gels according to the method of Laemmli. Nature 227: 680-685 (1 970). The silver-stained gel contained a s.ngle 
band with an apparent mass of approximately 58 kDa. VEGF II migrated in SOS-PAGE under reducing cona- 
tions' in 15% crosslinked gels as a broad silver-stained band with apparent molecular mass of approx.mately 
2^ kDa 

VEGF II was stared a 4°C in the aqueous trifluoroacetic acid (TFA)/acetonitrile mixture used to elute the 
homogeneous protein in reversed phase C. HPLC chromatography at the final stage of the purificat.cn protocol 
prevkfusly described. Aliquots of the purified protein (1-2 were vacuum evaporated to dryness ' n ac 'd -was- 
hed 10 x 75 mm glass tubes and reduced for 2 hours at 50"C in 100 ^ of 0. 1 M Tr,s buffer. pH 9.5. and 6 M 
nu.n^nn.m r.hJd* cnnr.ininn 0.1% EOTA and 20 mM dithiothreitol (Calbiochem. U.trol grade) under an argon 
atmosphere The reduced protein was subsequently carboxymethy.ated for 1 hour at 20«C by the add.t.on of 
"oTJ of 0 7 M Tris. pH 7.8 containing 0.1 % EOTA. 6 M guanidinium ch.oride. 9.2 i,M unlabeled .odoacetK: 
ncld and 50 ,iCI of iodo[2->* C|acellc odd (17.9 mCi/mmole. Amersham). After complet.cn or the carboxyrnethy- 
iHlSn l! unwur- w«in.«l Jdlrwtty on.o « ,.0 mm x 0.0 «m Vycioc d column wh.ch h.d ^W^'M 
in 0.1% TFA. The reduced end corboxymethyloted protein woa repurlflad by olullon with a 45 minute lln» gro- 
lien- ef C to 67'/o (v/v) ncotonitri.o in 0. 1% TFA at a flow rate of 0.75 ml/min and stored .n this :^on^ ton 
n« 4"C. Th« reduce) and cnrboxymnthylntnd protoln oKHnd two pocikvol npproxlmnioly 23 nnd 28 ml Ihnt 
warn of approximately equal araa an dfllBrminnd by monitorma arjsorbance nt 210 nm. 

plZ o< Iho iwo JJrololn m.liwnll. minted after reduction «nd carboxyme.hylptlon werr. each a D r>hcd to 
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ccl yore ne -coated giass fiber filters and their N-terminal sequences were determined by Edman degradation in 
an A3! gas phase micro sequencer in conjunction with an A3! 1 20A on line phenyithiohydantoin analyzer fol- 
lowing manufacturers instructions. The peak of abscrbanca eluting at accroximately 23 ml (A subunit) yielded 
an amino terminal sequence APTTEGEGKAH £ VV identical to VEGr i. The peak of absorbance eluting at 
approximately 25 ml (3 subunit) yielded the N-terrrur.at sequence ALSAGNvX'iSTEMEVVPFNEV pius a nearly 
equal amount of a truncated fcrm of the same sequence missing trte first three residues. The missing X residue 
corresponds tc an Asn in the dcned sequence. Since this missing Asn occurs in a classical Asn-X-Ser/Thr N- 
glyccsylaLion sequence it is presumed tc be glycosylated. The A and sum of the 3 chain peptides were recov- 
ered in r.eahy equal amounts supporting the interpretation that the two peptides- combine to form an A3 
heterodimer in VEGr II. 

Reduced and carDoxyrnetihyiated A and 3 subunrts (650 ng each) were each dried by vacuum evaporation 
in acid-washed '0x75 rrm glass rubes. Lys C protease (50 ng. 3-cehringer Mannheim), an enzyme that delves 
on the cartoxyl terminal side of lysine rescues, was added to each tube in 1CO uJ of 25 m-M Tris. pH 3-5. 0.1 
% EOT A. The subs rate protein su bun its were separaLefy digested at 37°C for 3 hcurs and the resulting pofypep- 
tides reserved by reversed phase HPLC chromatography on a -.5 mm x 25 cm Vydac C t3 column equilibrated 
in 0. 1% TFA. Polypeptides were fractionated by efueion wrth a 2 hour linear gradient of 0-67% acetonitnie in 
0. 1% TFA at a How rate of 0. 75 ml/min at 20°C. individual peaks were manually collected and stored in this 
e'ution solution at 4°C. 

The amino acid sequences of the isolated peptides were then determined using Edman degradation in an 
A3l gas phase sequenator in conjunction with the A3I 120 A on line phenylthichydantcin analyzer (Applied 
Siosystems Int.). The peptide sequences are shown in the following Fics. 5 and 5. The amino acid sequence 
of Lys C fragment L20 (Fig. 5) demonstrates that the form of VEGF II A subunit in the heterodimer is the 15-4 
amino acid form. The amino acid sequence of Lyc C fragment L2S (Fig. 6) demonstrates that the form of VEGF 
it 3 subunit in the heterodimer is the 135 amino acid form. 

EXAMPLE 9 

Cloning and Sequencing of the VEGF II A Monomer 
PGR A-mplificaLion. Cioning and Sequencing of P4238 

Two degenerate oligonucleotides were synthesized in order to amplify the cDNA encoding tine peptide 
sequences of VEGF A subun.: between LysC fragment L 42 and tryptic fragment T33. These oligonucleotides 
were: 

L42.2 5'TTTGTCGACTT|TC)ATGGA[TC]GT[N]TAfTC]CA 3' T3S3'3 
5' CAGAGAA TTCGTCGACA(AG]TC[NjGT[AGiTT[TC]TT [AG]CA 3' 
where N=ACGT 

Poly A* RNA was isolated from G3-9L cells using the Fast Track RNA isolation kit from Invitrcgen and the 
protocol provided. First strand cDNA synthesis was performed as follows; 

1.' ug of GS-9L RNA was annealled to 1 ug of adapter primer TA17. 5'GACTCGAGTCGACATC- 
GA 1 i : i i i . I i i i I i 1 i i T 3'. by incubating in a volume of 10 at 70°C for 5 min. followad by cooling to room 
temperature. To this reaction was added: 
3.0 ut water, 

2.5 jul 10X buffer (500 mM Tris-KCI oH 3.3. 750 mM KCI. 100mM MgCU. 5 mM spermidine) 
2.5 ui 100 mM DTT 

2.5 ul 10 mM each dATP, dGTP. dCTP. dTTP 

O.S ui 1 5 units RN'asin 

2.5 ul -0 mM Na pyrophosphate 

1.5 ui 15 units reverse transcriptase 

and the reaction was incubated at 42°C for 1 hour, then diluted to 1 ml in 10 mM Tris-HCI 1 mM EDTA, 
PCR Reactions: 

Primary reaction (100 liI) 

10 ul 1 OX buffer from Perkin Eimer Cetus GeneAmp kit 
15 ui 1.25 mM each stock of dATP. dCTP. oGTP. and dTTP 
2 u! first strand GS9L cONA 
2 ui 50 pMoles L42.2 
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2 -\. 5C proles T3S2 ; 3 

0.5 -i 2.5 -jr. its Amplitaq DMA polymerase 
S7.5 uJ water 

Peiictron conditions. AO cydes of 94 3 C. V: 5C C C. 2'2C~: T2°C. 2'. 
5 Pre? scale secondary reaction: 

;C0 ja! 10X buffer 

1 50 *aI 1.25 mM each stock cf dATP. dCTP, dGTP. and dTT- 
10 pJ primary PGR reaction 
20 ui 500 pMcies L42.2 
to 20 ui 500 pMofes 7333*3 

5 al 25 units Amplitaq DNA polymerase 
535 jjJ water 

Reaction conditions 94°C. V; 55°C, 2': 72°C. 2'; 30 cycles. 

The PGR product was concentrated by Centricon 30 spin columns, purified on a 1 % agarose gel., and diges- 
15 ted with restriction endanuclease Sail. The Sail fragment was then ligated into Sail cut pGEiM3Zfr>). The ligation 
mix was used to transform E, coli XL-1 blue. Plasmid DMA was isolated from white trans form ants and sequ- 
enced by the dideoxy chain termination method. 

PGR Amplification. Cloning and Sequencing of pW-3 

pased on the sequence obtained from the p4238 clones, two specific PCR primers were synthesized: oligo 
307 5TTTGTCGACTGAGAGCGGAGAAAGC 3' and oligo 239' 5'TTTGTCGACGAAAATCACTGTGAGC 3'. 
These primers were used in combination with cligoA 17 5' GACTCGAGTCG AC ATCG 3' to amplify the cONA 
encoding the CCOH terminus cf VEGF A subunit using the 3' RACE technique described by Frohinan et a].. 
25 PNAS 35: 8998-9002 (1938). 
PCR reactions: 
Primary reaction 100 p.! 

10 jjJ 10X buffer from Perkin Eimer Cetus 
GeneAmp kit 

30 13 of 1.25 mM each stock of dATP. dCTP. dGTP. and dTTP 

0.35 -J first strand GS-9L cONA 
:' ul 50 pMoIes oligo 239 ' 
0.5 vj-I 2.5 units Amplitaq DNA polymerase 
67. 1 5 til water 

35 Reaction conditions 94°C. V; 58°C, 2'; 72°C. 2'; 10 cydes then add 50,pMcles A1 7, then 1 c/de of 94°C. V; 
53 0 C. 2': 72°C. 40' followed by 40 cydes 94°C. V; 53°C. 2'; 72°C. 2'. 
Prep Scale secondary reaction: 
60 ul 10X buffer 

1C6 pJ 1.25 mM each stock of dATP. dCTP. dGTP. and dTTP 

*G 24 jaJ primary PCR reaction 

. 12 ul 300 pMoles oligo 307 
12 \i\ 300 pMcles oligo A1 7 

3 jjJ 15 units Amplitaq DNA polymerase 
331uJ water 

^5 Reaction conditions 94"C. V: 5o 3 C. 2': 72°C. 2': 30 cycles. _ - 

The PCR product was purified on a 1% agarose gel and digested with restriction endonudease Sail, i he 
Salt fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform E. coM XL-1 
blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy chain termination 
method. 

so 

PC R Amplification. Cloning and Sequencing of p5- 1 5 

Based on the sequence cf -p4238 clones, two specific PCR primers were synthesized; oligo 1 1 3 5' 
— TGTCGACAACACAGGACGGCTTGAAG 3' and oligo 74 5' TTTGTCGACATAC TCCTGGAAGATGTCC 3'. 
'n:«n pr.mnr* wnrn ur.nrj In combination with olino A 17 ,1' G A C T C O AG ~C G A C A 7 C G 3' to amplify the cONA 
nncn.imo the .:innui lerminua of VEGI : A nuhunil u-ilnn. the .Y KACf; incMnioun (IrtncribeuJ by Frohman ^ at., 
M.fi.'.n, Ohon 131 wiis .iynihna.?rt<) m ordftf to specifically pnrno VP.CT A nubunit cDNA from GS-OL UNA. OliQO 
If:- ir. '.'C7TCATCATTGCAGCAGC 3'. 
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RNA was isolated from GS-9L cells using the Fast Track RNA isolation kit from Invitrogen using the protocol 
provided. First strand cONA synthesis was performed as follows; 

One u.g of GS9L RNA was annealled to 1 \iq of oligo 151 by incubating in a volume of 6 at 70°C for 5' 
followed by cooling to room temperature. To this reaction was added: 
5 1.5 ni 10X buffer (500mM Tris-HCt, pH 8.3. 

750 mM.KCI, 100 mM MgCI 2 , 5 mM spermidine) 
2.5pJ10mMDTT 

2.5 ul 10 mM each dATP. dGTP. dCTP, dTTP 

0. 6 \x\ 25 units RNasin 

ro 2.5 nl 40 mM Na pyrophosphate 

9.5 p.! 20 units diluted reverse transcriptase 
The reaction was incubated at 42°C for 1 hour. Excess oligo 151 was removed by Centricon 100 spin col- 
umns and the 5' end of the cDNA was tailed by the addition of dATP and terminal transferase. The tailed cDNA 
w3S diluted to a final volume of 150 uJ in 10 mM Tris-HCI, 1 mM EDTA. pH 7.5. 
75 PCR Reactions: 

Primary reaction (50 pJ) 

5 u.l 10X buffer from Perkin Elmer Cetus GeneAmp Kit 
8 ul 1.25 mM each stock of dATP.dCTP.dGTP. and dTTP 

5 uJ first strand GS-9L cDNA prime with oligo 151 and tailed 
20 1 uJ 25 pMoles oligo 1 13 

1. uJ 25 pMoles oligo A17 

1 pi 10 proles oligo TA17 

0.25 uJ 1.25 units Amplitq DNA polymersase 

28.75 uJ water 

25 Reaction conditions: 1 cycle 94°C V: 50°C 2': 72°C 40' then 40 cycles of 94*C V; 50°C 1*30"; 72°C 2' 

Prep scale secondary reaction: 
60 uJ 10X buffer 

96 pi 1 .25 mM each stock of dATP. dCTP. dGTP, and dTTP 

6 uJ primary PCR reaction 
3Q 12 pJ 300 pMoles oligo 74 

12 u.l 300 pMoles oligo A1 7 

3 pJ 15 units Amplitaq DNA polymerase 

41 1 pJ water 

Reaction conditions 94°C. 1*: 55°C. 2'; 72°C. 2'30 cycles. 
35 The PCR product was concentrated by Centricon 1 00 spin columns, and digested with restriction endonuc- 

lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform 
E. coli XL-1 blue. Plasmid DNA was isolated from white transfonmants and sequenced by the dideoxy chain 
termination method. The base sequence is shown in Fig. 5. 

AO Cloning and sequencing of alternative forms of VEGF A cDNA 

Based on the sequence obtained from the p5-15 and pW-3 clones, two specific PCR primers were syn- 
thesized: oligo 5'C 5' TTTGTCGACAACCATGAACTTTCTGC 3* and oligo 181 5' TTTGTCGACGGTGA- 
GAGGTCTAGTTC 3'. These primers were used together to amplify multiple cDNAs encoding alternative forms 
45 of the VEGF A subunit. 

Preparative PCR Reaction: 
50 pi 10X buffer 

80 p.l 1.25mM each stock of dATP, dCTP. dGTP. and dTTP 
10 pi first strand GS-9L cDNA 
$c 10 pi 300pMoles oligo 5'C 

10 pi 300pMoles oligo 181 
2.5 ul 15 units Amolitaa DNA oolymerase 
337.5 ul water 

Reaction conditions 94°C. r;.58"C. 2'; 72°C, 3': d0 cycles. 

The PCR product was extracted with phenol/chloroform, concentrated by Centricon 30 spin columns, pro- 
cipitated by ethanol, and digested with restriction, endonuclease Sal I. and ligated into Sail cut pGEM3Zf(+). 
Tho linntion m.x wnn unoct to irnnnform E.coU XL-1 blue. Plnnmld ONA wns isolated from whlto transformants 
i: .u! ruuiunnccu 0y Urn d«if?oxy chnin tnrinmntian method. TMrne sum of clone* wer<? Idor.llflcd. Clonn #12 
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TO 



encoded the -5-i amino acid secreted form cf VEGF A subunit idantical to that shown in Fig. 4. The 164 amino 
scid form of VEGF A subunit is that amino acid sequence tuning continuously from Ala 27 to Arg 190 . Cloned 4. 
haa a 135. base pair deletion between the second base of the Asn'*° ceden and the third base of the Arg ,Ai 
codon. This done thus encodes a 120aa secreted form of the VEGF A subunit with the conversion of Asn 1AO 
lo Lys ,4J . The 120 amine acid fcrrr. of VEGF A subunit runs frcrn Aia 27 to Asa M0 . which becomes Lys :i3 and 
does not begin until Cys 1iS . this form also finishes at Arg 100 . Clone #16 has a 72 base pair insertion between 
jhe second and third base of the Asn IA ° codon. This clone thus encodes a 1 33 amino" acid secreted form of the 
VEGF A subunit with the conversion of Asn tit0 to Lys 140 . The nucleotide sequence and the deduced amino acid 
sequence of this insertion is: 

Lys Lys Ser vai Arg Gly Lys Gly Lys Gly Gin Lys 
A AAA TCA GTT CGA GGA* AAG GGA AAG GGT CAA AAA 

Arg Lys Arg Lys Lys Ser Arg ?he Lys Ser Trp Ser 
"GGA AAG GGG AAG AAA TGC CGG TTT AAA TGC TGG AGG 

Val 
GT 



EXAMPLE 10 

25 Cloning and Sequencing of the VEGF II 3 Subunit 

PCR Amplification, Cloning and Sequencing of pYG 

Two degenerate oligonucleotides were synthesized in order to amplify the cDNA encoding the peptide 
jo . sequences of VEGF II B on Lys C fragment L50. These oligonucleotides were: 

YI 5" TTTGTCGACATA[TC]AT[TCA]GCCN]GA[TC]GA[AG]C 3' 
GC 5* TTTGTCGACTC[AG]TCCAG]TT[AG]CA[AG]CA[N]CC 3* 

J5 

where N=ACGT 

RNA was isolated from GS-9L ceils using the Fast Track RNA isolation kit from Invitrogen and the protocol 
provided. First strand cONA synthesis was performed as follows: 

' ug of GS-9L poly A'RNA was anneailed to 1 ug of adapter primer TA17. 5'GACTCGAGTCGACATC- 
^ GA I I i M i i I I i i M \ i i T 3'. by incubating in a volume of 10 ul at 70°C for 5 min. followed by cooling to room 
temperature. To this reaction was added: 
3.0 uJ water 

- 2.5 uMOX buffer (500 mM Tris-HCi. pH 8.3. 750 rr.M KCI. 100 m.M MgCI 2 . 5mM spermidine) 
2.5 u.1 100 mM OTT 
4:5 2.5 uJ 10 mM each dATP. dGTP, dCTP, dTTP 

0.6 u.l 15 units RNasin 
2.5 ul 40 mM Na pyrophosphate 
1.5 uJ 15 units reverse transcriptase 
and the reaction was incubated at 42°C for 1 hour, then diluted to 1 m! in 10 mM Tris-HC!. 1 mM EDTA, pH 
50 7.5. 

PCR Reactions: 

5 ul 10X buffer from Perkin Elmer Cetus GeneAmp kit 
8 a! 1.25, mM each stock of dATP. dCTP. dGTP. and dTTP 
55 1 ul first strand GS-9L cDNA 

1 ul 50 pMoles oligo YI 
1 u! 50 pMoles oligo GC 
0.25 u! t.25 units Amphtaq DNA polymerase 
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33.75 pi water 

Reaction conditions, 40 cydes of 94°C, 1'; 50°C. 2'; 72°C. 2\ 
Prep scale reaction 
60 jiM OX buffer 

5 96 \sl 1 ^5mM each stock of dATP. dCTP. dGTP. and dTTP 

12 jxl first strand 659L cONA 
12 uJ SOOpMoles oligo Yl - 
12 uJ SOOpMoles oltgo GC 
3 jjd 15 units Amplitaq DNA polymerase 
10 405 jjJ water 

Reaction conditions 94°C. 1'; 50°C. 2'; 72°C. 2'40 cydes. 
The PGR product was concentrated by Centricon 30 spin columns and digested with restriction endonuo 
lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform 
£. coli XL-1 blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy chain 
15 termination method. 

PCR Amplification, Cloning and Sequencing of p3V2 

8ased on the sequence obtained from the pYG clones, a specific PCR primer was synthesized; oligo HP 
20 5' TTTGTCGACACACCCTAATGAAGTGTC 3'. This primer was used in combination with olrgo A17 5' 
GACTCGAGTCGACATCG 3' to amplify the cDNA encoding the COOH terminus of the VEGF II B subunit using '. 
the, 3' RACE technique described by Frohman et aL. PNAS 85: 8998-9002 (1988). 
Preparative PCR reaction: 

60 yJ 1CX buffer from Perkin Elmer Cetus Gene Amp Kit 
75 1 2 vil first strand 659L cONA 

96 uJ 1 .25 mM each or dATP, dCTP. dGTP, dTTP 
12 jjl! 300 pMoIes oligo A17 
12 jjJ 300 pMoles oligo HP 
3 \i\ iSunits Ainplitaq DNA polymerase 
30 405 pJ water 

Reaction conditions 1 cycle of 94°C. V; 53°C. 2'; 72°C. 2': followed by 40 cydes 94°C. 1\ 58°C. 2' and 
72°C. 2'. 

The PCR product was concentrated by Centricon 30 spin columns, precipitated with ethanol and digested 
with restriction endonuciease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation 
35 mix was used to transform E. co[i XL-1 blue, Plasmid DNA was isolated from white transformants and sequ- 
enced by the dideoxy chain termination method. 

PCR Amplification. Cloning and Sequencing of p5V2 

&o 8ased on the sequence of pYG clones, two specific PCR primers were synthesized; oligoVL' 5' 

TTTGTCGACAACAGCGACTCAGAAGG 3' and oligoVS' 5* TTTGTCGACACTGAATATATGAGACAC 3'. 
These primers were used in combination with oligo A17 5' GACTCGAGTCGACATCG 3' to amplify the cDNA 
encoding the amino terminus of the VEGF II B VJbunit using the 5' RACE technique described by Frohman et 
aL, supra. Oljcjo 151 was synthesized in order to prime cDNA from GS-9L RNA.OIigo 151 is 5' CTTCAT- 
45 CATTGCAGCAGC 3'. 

Ploy A*RNA was isolated from GS9L ceils using the Fast Track RNA isolation kit from Invitrogen using the 
protocol provided. First strand cDNA synthesis was performed as follows: 

One u=g of GS9L RNA was'annealled to 1 jjg of oligo 151 by incubating in a volume of 6 uJ at 70°C for 5' 
followed by cooling to room temperature. To this reaction was added: 
so 1.5 "yJ 10X buffer (500 mM Tris-HCL pH 8.3. 

750 mM KCL 100 mM MgCI 2 . 5mM spermidine) 
2.5 ul 10 mM OTT 

2.5 jj 10 mM each dATP, dGTP. dCTP. dTTP 
0.6 jJ 25 units RNasin 
55 2.5 u.l 40 mM Na pyrophosphate 

9.5 uJ 20 units diluted reverse transcriptase 
The reaction was incubated at 42°C for 1 hour. 
Excess oligo 151 was removed by Centricon 100 spin columns and the 5' end of the cONA was tailed by 




* -> 
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the addition of dATP and terminal transferase. The tailed cONA was diluted to a final volume of 150 jil in 10 
mM Tris-HO. 1 mM EDTA.pH 7.5 
PCR Reactions: 
Prirnar^reaction ^50 ^l) 

5 uJ 10X buffer from Perkin Elmer Cetus GeneAmp Kit 

8 uJ 1.25 mM each stock of dATP.dCTP.dGTP. and dTTP 

5 uJ first strand GS9L cDNA primed with oligo 151 and taHed 

1 uJ 25 pMoles oligo VL' 

1 pJ 25 pMoles oligo A17 

1 pi 10 pMotes oligo TA17 

0.25 jjJ 1.25 units Amplitq DNA polymersase 

28.75 water 

Reaction conditions: 1 cycle 94*C .1'; 58°C. 2': 72°C, 40' then 40 cycles of 94°C. 1'; 58°C, 2'; 72°C. 2'. 
Prep scale secondary reaction: 
100 10X buffer 

•160 (J 1.25 mM each stock of dATP. dCTP. dGTP. and dTTP 
10 pJ primary PCR reaction 
20 \il 500 pMoJes oligo VS' 
20 uJ 300 pMoles oligo A17 
5 pJ 25 units Amplitaq DNA polymerase 
685 \il water 

Reaction conditions 94°C. 1'; 58°C. 2': 72°C, 2'30 cycles. 
The PCR product was extracted with phenol/chloroform, concentrated by Centricon 30 spin columns, pre- 
cipitated by ethanol. and digested with restriction endonuclease Sail. The Sail fragment was purified on 4% 
Nu-Sieve Agarose gel then ligated into Sal! cut pGEM3Zf(+). The ligation mix was used to transform E. coli 
XL-1 blue. Plasmid DNA was isolated from white transformants and sequenced by the did eoxy chain termination 
method. 

PCR Amplification. Cloning and Sequencing of pCV2 and pCV2.1 

Based on the sequences of the p3V2 and p5CV2 clones, two specific PCR primers were synthesized:- oligo 
5'CV2. 1 5' TTTGTCGAC[N][N]GCAGGTCCTAGCTG 3' and oligo 3'CV2 5' TTTGTCGAC[N][N]CTAATAAA- 
TAGAGGG 3'. These primers were used together to amplify the cDNA encoding the VEGF 8 subunit. 

Preparative PCR Reaction: 
40 til 1 0X buffer 

S4 jil 1.25 mM each d.ATP, dTTP. dGTP, dCTP 

8 pJ first strand GS-9L cONA - 

8 ^ 200 pMoles 5'CV2.1 

8 pj 200 pMoles 3'CV2 

2 ^ 10units Amplitaq DNA polymerase 

270 u.1 water 

Reaction conditions: 94°C. 1'. 58°C. 2*. 72°C. 2*: 40 cycles. 
The PCR product was extracted with phenol/chloroform, concentrated by Centricon 30 spin columns, pre- 
cipitated by ethanol. and digested with,restrict;on endonuclease Sal I. and ligated into Sal I cut pGEM3Zf(*). 
The ligation mix was used to transform E. cqH XL-1 blue. Plasmid DNA was isolated form white transfromants 
and sequenced by the dideoxy chain termination method. Two sets of clones were identified, one encoded a 
135 amino acid sequence and the other encoded a 11 5 amino acid sequence, see Figures 6 and 7 respectively. 

cDNA Cloning of VEGF B Subunit 

The DNA and protein sequences for the amino terminus of the signal peptide of VEGF 8 was determined 

c .i t _r> l t * t:i k e <~ HI --I..A* HkiA 

iivjiii a \*wi*/-v uui ic lovjiaicu Mum a >-u i *r-i hwioi / wwi i .j vi vj w 'iwu. w w -> «— K % "" 7 ' 1 ' x< " 

First Strand Synthesis 

Anneal 15.6^1 (5ug) GS-9L polyA* RNA and 2.5|_lI (2.5ug) oligo dT-Xbal primer by heating to 70° C 5' slow 
cool to room temperature. Add the following: 

5.5uJ 10X buffer (500 mM Tris-HCI. pH 8.3 (42° C). 
750 mM KCI. 100 mM MgC! 2 . 5mM spermidine 
G.5m.I lOCmiVt DTT 
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. 5.5gJ 10 rnM each dATP. dTTP. dCTP, dGTP 
1.4uJ <55units) RNasin 
5,5uJ 40mM NaPPi 

13.5uJ 55units AMV reverse transcriptase 

Incubate at 42° C 60'. 
Second Strand Synthesis: 
Assemble reaction mix 

50 first strand reaction 

25 uJ 10X buffer (500 mM Tris-HCI, pH7.2. 850 mM KCL. 30 mM MgCI, 1mg/ml BSA, 100mM(NH,),SO 4 
7.5 uJ 100 mM DTT 
25 uJ 1 mM NAD 

6.5 (65units) E. coli DNA Polymerase! 
2.5 nJ (2.5units) E. coli DNA Ugase 
2.5 jj.! (2 units) E. coli RNase H 
135 u.I water 

Incubate at 14° C for 2h and then incubate 70° C for 10'. Add 1ul (10 u.nits) T4 DNA Polymerase, incubate 
at 37- C for 10', add 25 uJ 0.2M EDTA an extract with phenol/chloroform, then precipitate by the addition of 0.5 
volume of 7.5 M ammonium acetate and 3 volumes of ethanoi, collect precipitate and resuspend in 20 of 10 
mM Tris-HCI, pH 7.5. 1mM EDTA. 

cDNA Library Construction 

The above cDNA was ligated into EcoR1/ Xbal digested LambdaGEM-4 (Promega Biochemicals) after the 
addition of EcoRl linkers and digestion with EcoR1 and Xbal. A cDNA fibrary was amplified from -50, 000 
independent clones. 

Isolation of Rat VEGF B cDNA Clone 

The above cDNA library was screen by placque hybridization using pCV2 as a probe. Hybridization con- 
ditions were as follows: 

5XSSC (1XSSC is 0.15M sodium chloride. 0.015M sodium citrate. 
50% Forma mid e 

5X Denhardfs Solution (1% Ficoll. 1% polyvinylpyrrolidone. 1% bovine serum albumin) 
0.15 mg/ml salmon sperm DNA hybridize overnight at 42° C. 

Filters were washed 3 times in 2XSSC. 0.1% SDS at room temerature for 5'. then 1 time in 1XSSC, 0. 1% 
SOS at 50C for 30*. Positive clones were identified by autoradiography. 

The DNA from phage #202 was digested "with restriction endonuciease Spel and the 1.1kb band ligated 
into Xbal digested pGEM3Zf(+). The ligation mix was used to transform E.coli XL-1 blue.Ptasmid DNA was 
isolated from white trans forma nts and sequenced by the dideoxy chain termination method. The cDNA sequ- 
ence and predicted amino acid sequence of the signal peptide are shown in Fig. 6 and Fig. 7. 

The entire nucleotide and amino acid sequence of the 1 15 amino acid form is shown in Fig. 7. The secreted 
protein starts at AJa 2 * and continues to Arg tu . The entire nucleotide and amino acid sequence of the 135 amino 
acid form is shown in Fig. 7. The secreted orotein starts at AJa 24 and continues to Leu tsa . 

Claims 

1. Mammalian vascular endothelial growth factor II comprising a heterodimer with an apparent non-reduced 
molecular mass of about 53.000 daltons. with said heterodimer made up of an A subunit having an appa- 
rent reduced molecular mass of about 23.000 daltons and a B subunii having an apparent reduced molecu- 
lar mass of about 23.000 daltons with said vascular endothelial growth factor substantially free of impurities 
andrnitogenic for mammalian vascular endothelial cells. 

2. The vascular endothelial growth factor II of claim 1 wherein the growth factor is isolated and purified from 
human cells, cell culture media or tissues. 

3. The vascular endothelial growth factor I! of claim 1 wherein the factor is mitogenic for mammalian vascular 
endothelial cells. 

4. Mammalian vascular endothelial growth factor II comprising a heterodimer with an apparent non-reduced 
molecular mass of about 58.000 daltons. with said homoodimer made up of rwo A subunits having an appa- 
rent reduced molecular mass of about 23.000 daitons euch with said vascular endothelial growtn factor 
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substantially free of impurities and mitogenic for mammalian vascufar endothelial cells. 

Mammalian vascufar endothelial growth factor comprising a homodimer comprising two B subunrts with 
said endothelial growth factor substantially free of impurities and mitogenic for mammalian vascular 
endothelial cells. 

A protein comprising an'amrno acid sequence substantially corresponding ro all or a portion of the amino 
acid sequence of rat vascular endothelial growth factor I! with said vascular endothelial gowth factor having 
a B subunit selected from the group consisting of the 135 amino acid form and the 1 15 amino acid form 
and having an A subunit selected from the g roup consisting of the 183 amino jcid form, the 164 amino 
acid form and the 120 amino acid form and other microheterogenecus forms thereof with said growth factor 
being free of other proteins. 

Vascular endothelial growth factor comprising an A subunit of at least the amino acid sequence as shown 
in Figure 4 and a 3 subunit of at least the amino acid sequence as shown in Figure 5 ar.d any micro- 
heterogeneous or truncated forms thereof which are biologically active and are substantially free of impuri- 
ties. 

Vascular endothelial growth factor comprising an A subunit of at least the nucleotide sequence as shown 
in Figure 4 and an 8 subunit of at feast the nucleotide sequence as shown in Figure 6 and any micro- 
heterogeneous or truncated forms thereof which are biologically active and are substantially free of impuri- 
ties. 

Vascular endothelial growth factor comprising two 3 subunits of at least the nucleotide sequence as shown 
in figure 6 or figure 7 and any microheterogeneous or truncated forms thereof which are biologically active 
and are substantially free of impurities. 

A process for the isolation of vascular endothelial growth factor II in substantially pure form which com- 
prises the sequence of. steps of: 

a. isolation of conditioned growth media; 

b. cation exchange chromatography; 

c. lectin affinity chromatography; 

d. cation exchange high performance liquid chromatography; 

e. metal-chelate affinity chromatography; 

f. reverse-phase high performance liquid chromatography; and 

g. collecting the substantially pure vascular endothelial growth factor II. 

The process of ciaim 10 wherein: 

a. isolation of conditioned growth media by filtration; 

b. cation exchange chromatography with adsorption on carbaxymethyl Sephadex C-50 cation exchange 
resin at pH 6.0 followed by a rinse with 0.05 M sodium phosphate, pH S.0. 0. 1 * M NaCI and elution with 
0.05 sodium phosphate. pH 6.0. containing 0.6 M NaCI: 

c. lectin affinity chromatography with adsorption on concanavalin A agarose resin at pH 6.0 followed 
by, elution with 0.05 M sodium acetate. pH 6.0. containing 1 mM CaC! 2 . 1 mM MnCI 2 . 0.1 M NaCI and 
0.32 M:alpha-methyl mannoside and 0.23 M alpha-methyl gluccside; 

d. cation exchange high performance liquid chromatography with adsorption on Polyaspartic Acid WCX, 
equilibrated in 0.05 M sodium phosphate. pH 6.0 followed by elution with about 0 to about 0.75 M NaCI 
linear gradient: • 

e. metal-chelate chromatography with adsorption on Pharmacia Chelating Sepharose 63 charged with 
excess Cu~ followed by elution with a gradientof 0.5 mM to 100 mM imidazole in buffer containing about 
0.05 M sodium phosphate, about pH 7.0. about 2 M NaO: 

f rovorco nh^ea hinK norfflrm^rt^o I ijj/j rhrnmatnnrTinhy u^ifH 2dSOfpt*Of! Of! 1 C. C C i '_' .T! f. Cq'J'Jib" 

in 0.1 % trifiuoroacetic acid followed by elution with a gradient of 0 to 67 % (v/v) of acetonitrile in 0. 1 % 
trrfluoroacetic: and 

g. collecting the substantially pure vascular endothelial growth factor II. 
The process of Claim 10 for the isolation of vascular endothelial growth factor II from GS-9L col' culture 
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1 3. A tissue repairing pharmaceutical composition comprising a pharmaceutical carrier and an effective tissue 
repairing amount of the purified vascuiar endothelial growth factor II cf any one of Claims 1 or 4 to 9. 

14. The use of the vascular endotnelial growth factor il.o^any one of Claims 1 or 9 to 9 for the manufacture 
5 of a medicament capable of promoting tissue repair. 

15. A method for the stimulation. of growth of vascular endothelial cells which comprises treating a sample of 
the desired endothelial cells in a nutrient medium with vascular endothelial growth factor II at a concen- 
tration of about 0.1-100 ng/ml. 

10 

16. A method for preparing synthetic vessels comprising treating synthetic polymeric vessels with vascular 
endothelial growth factor II. 

17. The use of a synthetic vessel prepared by the method of Claim 16 for the manufacture of a medicament 
r5 suitable for use as a vessel implant whereby. 3fter implantation, endothelial cells migrate into and grow 

on the artificial surface. 

18. The use of vascufar endothelial growth factor II for the manufacture of a medicament for the stimulation 
or the growth of vascular endothelial cells in vivo whereby either vascular repair, or neovascularization, 

20 or both, is promoted. 

19. A purified ana isolated DNA sequence encoding the 138 amino acid A subunit of vascular endothelial 
growth factor II. 

25 20. A purified and isolated DNA sequence encoding the 164 amino acid A subunit of vascular endothelial 
growth factor II. - . 

21. A purified and isolated DNA sequence encoding the 120 amino acid A subunit of vascular endothelial 
growth factor II. 

30 

22. A purified and isolated DNA sequence encoding the 135 amino acid 3 subunit of vascular endothelial 
growth factor II. ■ . 

23. A purified and isolated DNA sequence encoding the 115 amino acid B subunit of vascular endothelial 
35 growth factor II. 

24. Vascuiar endothelial growth factor II DNA comprising an A subunit DNA sequence selectee- from the group 
consisting of: a DNA sequence encoding an 1 83 amino 3cid form, a DNA sequence encoding an 164 amino 
acid form and a DNA sequence encoding a 120 amino acid form, with said A subunit. DNA operably 

4G attached to a B subunit DNA sequence selected from the group consisting of: a DNA sequence encoding 

a 135 amino acid form; and a DNA sequence encoding a 1 15 amino acid form. 

25. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amino. acid form operably attached to a 8 subunit DNA sequence encoding a 135 amino acid form. 

45 

26. Heterodimeric vascular endothelial growth factor DNA comprising an A subunit DNA sequence encoding 
a 164 amino acid form operably attached to a B subunit DNA sequence encoding a 1 15 amino acid form. 

27. Homodimeric vascular endothelial growth factor DNA comprising a S subunit DNA sequence selected form 
50 the group consisting of: a 8 subunit DNA sequence encoding a 135 amino acid form and a B subunit DNA 

sequence encoding a 1 15 amino acid form. 

23. A vector containing the DNA sequence of any one of claims 24 to 27. 

55 29. A host cell transformed by the vector of claim 2 3 containing the DNA sequence encoding vascular 
endothelial growth factor II. 

30. A process for the preparation of vascular endothelial growth factor II comprising culturing the transformed 
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hcs; call of dsim 29 under conc;t:ons suitable for :he ex cession .c: vascular endothelial growth factor II 
and recovering vascular endothelial growth factor I!. 

3t. Vascular endothelial growth factor'!! made by 'he cro'cess of clai'rr: 20. 
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FIG. 3 
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